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1. 

NONVOLATILESEMCONDUCTOR 
MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Application No. 2011 
061553, filed Mar. 18, 2011, the entire contents of which are 
incorporated herein by reference. 

FIELD 

Embodiments described herein relate generally to a non 
Volatile semiconductor memory. 

BACKGROUND 

In recent years, as a result of micropatterning of nonvolatile 
semiconductor memories, occurrences of the error mode Such 
as increased resistance of word lines after product shipment 
have been confirmed. 
When a word line is totally broken, a nonvolatile semicon 

ductor memory cannot execute a program normally and thus 
can let an external controller know of such error (status fail) 
through a program verify operation. Therefore, the external 
controller can instruct a program operation again after taking 
steps, for example, changing the word line. 

However, when a subtle increase in resistance of a word 
line in which, for example, the program verify operation can 
normally be performed, but a read operation cannot be nor 
mally performed occurs, the program verify operation termi 
nates (status pass) and the program is judged to have been 
executed normally and thus, the external controller no longer 
holds program data. Therefore, if a read operation is per 
formed thereafter, data cannot be read from the nonvolatile 
semiconductor memory and the program operation cannot be 
performed again either, resulting in a system error. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a memory system according to 
an embodiment; 

FIG. 2 is a flow chart of a program operation; 
FIG. 3, FIG. 4, FIG. 5, FIG. 6 and FIG. 7 are diagrams 

showing a read operation before the program operation ter 
minates; 

FIG. 8 is a diagram showing a NAND flash memory as an 
application example; 

FIG. 9 is a diagram showing an example of a threshold 
distribution of memory cells; 

FIG. 10 is a diagram showing a memory cell array core 
unit; and 

FIG. 11 is a diagram showing an example of the threshold 
distribution of LM flags. 

DETAILED DESCRIPTION 

In general, according to one embodiment, a nonvolatile 
semiconductor memory comprising: a memory cell array 
including a selected memory cell as a target of a program 
operation; a row decoder that selects a selected word line 
connected to the selected memory cell; a data latch circuit that 
latches program data stored in the selected memory cell; a 
Verify circuit that judges completion/non-completion of stor 
ing of the program data in the selected memory cell; and a 
control circuit that outputs status information to an external 
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2 
controller before the program operation terminates, wherein 
the control circuit is configured to: repeat an application of a 
write pulse and a verify read operation to the selected word 
line, perform a read operation from the selected memory cell 
after the storing of the program data is judged to be completed 
by the verify circuit, and output the status information indi 
cating that the program operation has passed to the external 
controller when data read by the read operation and the pro 
gram data match and the status information indicating that the 
program operation has failed to the external controller when 
both do not match, wherein the data latch circuit continues to 
latch the program data even after the storing of the program 
data is judged to be completed by the verify circuit. 

1. Embodiment 

The embodiment proposes a technology to judge whether 
there is any error (read error) Such as being unable to read data 
of a program after the program having been executed nor 
mally before a program operation terminates. The program 
operation includes an operation that does not change the 
threshold in accordance with program data (write inhibited) 
and an operation that increases the threshold (write enabled). 
A simple read is assumed to mean a read operation after 
program completion and does not include a read operation 
(verify read) during verify operation to judge whether a pro 
gram is completed. From an operational point of view, a read 
operation differs from a verify operation, thus both operations 
will be described below. 

FIG. 1 shows a memory system according to an embodi 
ment. 

Nonvolatile semiconductor memory (for example, a 
NAND flash memory) 10A and an external controller (for 
example, a NAND controller) are mutually connected via 
data bus 10C. External controller 10B controls a program 
operation of nonvolatile semiconductor memory 10A. 
Memory cell array 11 comprises a selected memory cell as 

a target of a program operation. Row decoder 12 selects a 
selected word line to be connected to the selected memory 
cell. Potential generating circuit 13 generates a high potential 
(program potential) applied to the selected word line in a 
program operation. 

Data latch circuit 14 latches program data to be stored in 
the selected memory cell. Data buffer 15 functions as an 
interface circuit of data input/output of nonvolatile semicon 
ductor memory 10A. Verify circuit 16 judges completion/ 
non-completion of storing of program data to the selected 
memory cell. 

Control circuit 17 outputs status information STATUS to 
external controller 10B before a program operation termi 
nates based on a judgment result by Verify circuit 16. 

FIG. 2 shows a program operation by control circuit 17 in 
FIG 1. 

If external controller 10B instructs nonvolatile semicon 
ductor memory 10A to perform a program operation, control 
circuit 17 first sets up the program operation (such as resetting 
registers and activating a charge pump circuit) (step ST1). 

Next, control circuit 17 applies a write pulse to the selected 
word line connected to the selected memory cell as a target of 
the program operation and performs a program operation of 
the selected memory cell (step ST2). For “1” programming, 
the channel potential of the selected memory cell is boosted 
by the application of the write pulse so that a write operation 
(threshold rise) is inhibited. For “0” programming, the chan 
nel potential of the selected memory cell is fixed to OV during 
application of a write pulse so that a write operation (thresh 
old rise) is executed. 
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Whether to boost or fix to 0 V the channel potential of the 
selected memory cell is judged based on program data latched 
into data latch circuit 14. If, for example, data latched into 
data latch circuit 14 is “1”, the channel potential of the 
selected memory cell can be boosted by transferring a posi 
tive potential to a channel of the selected memory cell. If data 
latched into data latch circuit 14 is “0”, the channel potential 
of the selected memory cell can be fixed to OV by transferring 
0 V to a channel of the selected memory cell. 

Then, a verify operation (verify read) to judge completion/ 
non-completion of storing of program data to the selected 
memory cell is performed (steps ST3 to ST5). In the verify 
operation, whether the threshold of the selected memory cell 
of “0” programming is larger than the verify read potential is 
judged. 

If the threshold of the selected memory cell is smaller than 
the verify read potential, storing of program data is not com 
pleted and thus, the application of a write pulse is executed 
again. If the threshold of the selected memory cell is larger 
than the verify read potential, storing of program data is 
completed and thus, data latched into the data latch circuit is 
changed from “0” to “1” so that a write operation should not 
be performed again. 

If the selected memory cell can store n (n is a natural 
number equal to 2 or greater) bits (2n levels) and stores upper 
bits excluding lower bits, a verify read potential having levels 
is used for a verify read. Which of the levels is to be used as a 
reference is judged based on the value of the lower bit stored 
in the selected memory celland the value of the upper bit to be 
stored. 
When storing of program data in all selected memory cells 

as targets of the program operation connected to the word line 
is completed, all data latched into data latch circuit 14 
changes to “1” and verify circuit 16 notifies control circuit 17 
of program completion. 

According to the conventional technology, the program 
operation by control circuit 17 ends here (inside a broken line 
in FIG.2). Therefore, if verify circuit 16 judges that storing of 
program data is completed, control circuit 17 outputs status 
information STATUS (pass) indicating that the program 
operation has passed to external controller 10B. If verify 
circuit 16 judges that storing of program data is not completed 
even if the write count reaches maximum value Nimax, con 
trol circuit 17 outputs status information STATUS (failure) 
indicating that the program operation has failed to external 
controller 10B. 

Under Such circumstances, however, an error of a Subtle 
increase in resistance of a word line Such as being able to 
perform a program operation normally and unable to perform 
a read operation normally cannot be detected. 

Thus, in the embodiment, after verify circuit 16 judges that 
storing of program data is completed (after program verify 
has passed), a read operation from the selected memory is 
performed to detect a read error (steps ST6 and ST7). 

In the read operation, whether data stored in the selected 
memory cell is “1” or “O'” is judged based on the read poten 
tial. If, for example, the threshold of the selected memory cell 
is smaller than the read potential, data stored in the selected 
memory cell is judged to be “1”. If the threshold of the 
selected memory cell is larger than the read potential, data 
stored in the selected memory cell is judged to be “0”. 

If the selected memory cell can store n (n is a natural 
number equal to 2 or greater) bits (2n levels) and 2 bits (4 
levels) or more are stored in the selected memory cell, a read 
potential having levels is used for read operation. By using the 
levels, all n bits (2n levels) stored in the selected memory cell 
can be read. 
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4 
If data read by the read operation and program data match, 

control circuit 17 judges that there is no read error and outputs 
status information STATUS (pass) indicating that the pro 
gram operation has passed to external controller 10B. If both 
data do not match, control circuit 17 judges that a read error 
has occurred and outputs status information STATUS (fail 
ure) indicating that the program operation has failed to exter 
nal controller 10B. 

That is, according to the embodiment, status information 
STATUS transferred from nonvolatile semiconductor 
memory 10A to external controller 10B is a combination of 
information indicating whether a program has been executed 
Successfully and information indicating whether a read error 
has occurred. 

Therefore, whether there is any error of a subtle increase in 
resistance of a word line such as being able to perform a 
program operation normally and unable to perform a read 
operation normally can be judged before a program operation 
terminates. 

External controller 10B holds program data before a pro 
gram operation terminates and thus, if an error thereof is 
detected, the program operation can be performed again after 
taking steps, for example, changing the word line. Therefore, 
a problem such as being unable to read permanently data 
stored by the user in a nonvolatile semiconductor memory 
will not arise. 

Incidentally, as described in the above program operation, 
when storing of program data in all selected memory cells as 
targets of the program operation connected to the word line is 
completed, all data latched into data latch circuit 14 changes 
to “1”. That is, according to the conventional technology, 
after storing of program data is judged to be completed (after 
program Verify has passed), the data latch circuit does not 
latch program data. 

Thus, in the embodiment, after verify circuit 16 judges that 
storing of program data is completed, data latch circuit 14 
continues to latch program data. This is realized by the fol 
lowing means. 

For example, one data latch unit judges completion/non 
completion of storing of program data of one selected 
memory cell and thus, in addition thereto, another data latch 
unit that continues to latch program data even after storing of 
program data is judged to be completed is provided for the 
one selected memory cell. 
The latter data latch unit may use an existing circuit as a 

conventional nonvolatile semiconductor memory or a new 
one may be added. Program data to detect a read error may 
also be stored in a storing unit other than data latch circuit 14. 
FIG.3 shows an example of the read operation to detect a 

read error. 
This example corresponds to the read operation in the 

above program operation. 
The read operation is performed on the selected memory 

cell as a target of the program operation and thus, the judg 
ment of whether there is any read error is performed by 
comparing read data from the selected memory cell and pro 
gram data. 

However, it is not easy to continue to latch program data 
after the program verify has passed. 

Thus, in consideration of the nature of a read error, an 
example of the read operation intended for a memory cell 
(failure judged cell) other than the selected memory cell will 
be described. 
A read error after the program operation is an error Such as 

a Subtle increase in resistance of a word line and is likely to 
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occur mainly in a tip portion (when row decoder 12 side 
serving as a Supply source of a high potential is used as a 
reference) of the word line. 

Thus, for example, a failure judged cell is made a reference 
cell connected to a tip portion of the selected word line and 
not intended for the program operation. By judging whether 
data read from the failure judged cell matches an expected 
value, an increase in resistance (including breaking of wire) 
of a word line likely to occur at a tip portion of the word line, 
that is, a read error can be detected. 

That is, if both match, status information STATUS indicat 
ing that the program operation has passed is output to external 
controller 10B. If both do not match, status information STA 
TUS indicating that the program operation has failed is output 
to external controller 10B. 

If the failure judged cell is not written into during program 
operation, the expected value is in an erased state (for 
example, “1”). The failure judged cell may be, among 
selected memory cells connected to the selected word line, 
one or more selected memory cells closest to the tip of the 
selected word line. 

FIG. 4 shows another example of the read operation to 
detect a read error. 

In the present example, first, second, and third failure 
judged cells are prepared to judge a read error. The first failure 
judged cell is connected to the tip portion (column C1) of 
word line WL, the second failure judged cell is connected to 
the centerportion (column C2) of word line WL, and the third 
failure judged cell is connected to the base portion (column 
C3) of word line WL. 

According to this example, a failure range can be deter 
mined. 

If, for example, the first failure judged cell (column C1) is 
not readable and the second and third failure judged cells 
(columns C2, C3) are readable, breaking portion A of word 
line WL is assumed between column C1 and column C2. 
Thus, when such an error occurs, selected memory cells 
between column C1 and column C2 may be set as status fail 
and selected memory cells between column C2 and column 
C3 may be set as status pass. 

FIG. 5 is a modification of the read operation in FIG. 4. 
In this example, a row decoder is arranged at both ends of 

a memory cell array. If, for example, the row decoder on the 
right side is used as a reference, the tip portion of word line 
WL is in column C3, the center portion of word line WL is in 
column C2, and the base portion of word line WL is in column 
C1. 

If breaking portion B of word line WL is located between 
column C2 and column C3, according to a technique similar 
to that in FIG. 4, selected memory cells between column C2 
and column C3 may be set as status fail and selected memory 
cells between column C1 and column C2 may be set as status 
pass. 

FIG. 6 shows another example of the read operation to 
detect a read error. 
The present example uses a memory cell in an LM (lower 

middle) flag area existing in 2n(n is a natural number equal to 
2 or greater)-level nonvolatile semiconductor memories as a 
failure judged cell. The LM flag area store S data indicating 
which of n bits program data represents when the selected 
memory cell can store n bits (2n levels). 
The LM flag area is generally provided in the tip portion of 

word line WL and thus, reading data thereof and using the 
data to judge a read error matches with actual conditions that 
a read error caused by an increase in resistance (including 
breaking of wire) of a word line is more likely to occur in the 
tip portion of the word line. 
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6 
According to this example, a read error can be judged by 

reading data of a memory cell in the existing LM flag area 
without providing a dedicated failure judged cell (reference 
cell) to detect a read error and thus, an increase in capacity of 
the memory cell array is not affected. 

FIG. 7 is a modification of the read operation in FIG. 6. 
In this example, a row decoder is arranged at both ends of 

a memory cell array. In this case, the LM flag area is also 
arranged at both ends of a memory cell array. 

In this case, data of a memory cell in the LM flag area at the 
right end of the memory cell array is read when a read error of 
memory cells connected to a word line driven by the row 
decoder on the left side and data of a memory cell in the LM 
flag area at the left end of the memory cell array is read when 
a read error of memory cells connected to a word line driven 
by the row decoder on the right side. 

2. Application Example 

The embodiment is applicable to whole nonvolatile semi 
conductor memories in which the word line has become long 
and narrow due to micropatterning. Such memories include a 
NAND flash memory and a NOR flash memory. The embodi 
ment is not limited in the device structure, the read/write 
method, and the number of bits (2-level or multi-level) stored 
in one cell. For example, the embodiment is applicable to both 
of the shield bit line method in which read/write operations 
are divided into even-numbered bit lines and odd-numbered 
bit lines and the ABL (All bit line) method in which read/write 
operations are performed on all bit lines simultaneously. 
An application example of the embodiment to a NAND 

flash memory will be described below. 
FIG. 8 shows a NAND flash memory. 
Memory cell array 11 comprises, for example, j () is a 

natural number equal to 2 or greater) NAND blocks BK0. 
BK1, ... BK-1 arranged side by side in the Y direction. Each 
of the NAND blocks BK0, BK1, ... BK-1 has a NAND cell 
unit CU. 
NAND cell unit CU comprises n (n is a natural number 

equal to 2 or greater) memory cells MC0, ... MCn-1 con 
nected in series and two select gate transistors STS, STD 
connected to both ends with one transistor to each. 

In NAND blocks BK0, BK1, . . . BKi-1, n word lines 
WLO, ... WLn-1 extend in the X direction to be connected to 
control gates of memory cells MC0, ... MCn-1 respectively. 
Two select gate lines SGS, SGD extend in the X direction to 
be connected to gates of two select gate transistors STS, STD 
respectively. 
m (m is a natural number equal to 2 or greater) bit lines 

BL0, BL1, ... BLm-2, BLm-1 extend in the Y direction to be 
connected to select gate transistor STD arranged on the drain 
side of NAND cell unit CU. Select gate transistor STS 
arranged on the source side of NAND cell unit CU is con 
nected to source line (cell source) SL. 
Row decoder 12 is arranged at ends in the X direction of 

memory cellarray 11. In the present example, row decoder 12 
is arranged at both ends in the X direction of memory cell 
array 11, but may be arranged at one end of both ends in the 
X direction of memory cell array 11. 

Data latch circuit 14 and data transfer control circuit 18 are 
arranged at ends in the Y direction of memory cell array 11. 

Data latch circuit 14 has a function to temporarily latch 
data for read/write operation. Data transfer control circuit 18 
comprises a column decoder to control data transfer to each 
column in memory cell array 11 for read/write operation. 

In the present example, data latch circuit 14 and data trans 
fer control circuit 18 are each arranged at both ends in the Y 
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direction of memory cell array11. Such a floorplan is adopted 
for, for example, the ABL method in which data is read from 
all bit lines in memory cell array 11. 

However, data latch circuit 14 and data transfer control 
circuit 18 may be arranged at one end of both ends in the Y 5 
direction of memory cell array 11. 

FIG. 9 shows an example of a threshold distribution of 
memory cells. 

FIG. 9A shows a state in which data has been written into 
the lower bit. 

The initial state of a memory cell is an erased state and the 
threshold distribution thereof is Er. When the lower bit is “1”, 
a write operation is inhibited and the threshold distribution of 
memory cells remains as Er. When the lower bit is “0”, by 
contrast, a write operation is performed and the threshold 
distribution of memory cells shifts from Er to A-lower. 
A verify read operation in the embodiment is performed by 

providing AVr-lower to the target memory cell as a read poten 
tial. A read operation in the embodiment is performed by 
providing Ar to the target memory cell as a read potential. 

In the state in which only the lower bit has been written, the 
threshold distribution A-lower of memory cells of the lower 
bit “O'” is different from the threshold distribution of memory 
cells in which both of the lower bit and the upper bit have been 
written in FIG. 9B 

This state is called a rough write oran LM (Lower middle) 
state because A-lower is positioned in the middle of Er, A, B, 
and C in FIG. 8B. 
FIG.9B shows a state in which data has been written into 

the lower bit and the upper bit. 
When a memory cell capable of storing 4-level data is 

caused to store 2-level data, the 2-level data is stored as a 
lower bit. When a memory cell capable of storing 4-level data 
is caused to store 4-level data, data is first written into the 
lower bit and then into the upper bit. 

Thus, a case when data is written into the upper bit after 
data is written into the lower bit will be described below. 

First, a case when the lower bit is “1” will be described. 
In this case, if the upper bit is “1”, a write operation is 

inhibited and the threshold distribution of memory cells 
remains as Er. If the upper bit is “0”, by contrast, a write 
operation is performed and the threshold distribution of 
memory cells shifts from Er to A. 

Next, a case when the lower bit is “0” will be described. 
In this case, if the upper bit is “1”, a write operation is 

performed and the threshold distribution of memory cells 
shifts from A-lower to C. If the upper bit is “0”, a write 
operation is performed and the threshold distribution of 
memory cells shifts from A-lower to B. 
A verify read operation in the embodiment is performed by 

providing AVr, BVr, or Cyr to the target memory cell as a read 
potential. A read operation in the embodiment is performed 
by providing Ar, Br, or Cr to the target memory cell as a read 
potential. 
When data is written into the upper bit from the state in 

which data has been written into the lower bit, the amount of 
shift becomes Smaller in the threshold distribution from Erto 
A, A-lower to B, and further A-lower to C. 

Therefore, the spread of the threshold distribution due to a 
capacity coupling effect generated when data is written into 
the upper bit can be limited. 

In LM mode, whether data stored in a memory cell as a 
read/write target is in the lower bit only or in both the lower bit 
and the upper lower is judged by using the LM flag. 

Thus, the LM flag will be described below. 
FIG. 10 shows details of a memory cell array core unit. 
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8 
The memory cell array core unit comprises memory cell 

array 11, data latch circuit 14, and data transfer control circuit 
18. Reference numeral 19 is a data bus. 
Memory cell array 11 includes main area 11-1 in which 

main data (for example, file data) is stored, ECC area 11-2 in 
which data for data correction by an ECC (Error correct 
circuit) is stored, LM flag area 11-3 in which the LM flag is 
stored, and redundancy area 11-4 in which redundant data is 
stored. 

Data latch circuit 14 includes first latch circuit LA-1 and 
second latch circuit LA-2. These two latch circuits LA-1, 
LA-2 are used to read/write 4-level (2-bit) data. 

Data latch circuit 14-1 corresponds to main area 11-1, data 
latch circuit 14-2 corresponds to ECC area 11-2, data latch 
circuit 14-3 corresponds to LM flag area 11-3, and data latch 
circuit 14-4 corresponds to redundancy area 11-4. 

FIG. 11 shows an example of the threshold distribution of 
LM flags. 

It is assumed here that the LM flag comprises one memory 
cell and one flag is provided for one row (for example, one 
page). 

First, if data has been written only into the lower bit of the 
memory cell in the main area, it is necessary for the LM flag 
to be written into the lower bit only. This is because the 
memory cell in the main area and the LM flag are connected 
to a word line common to both and are read by the same read 
potential. 

In this case, the threshold distribution of LM flags is set to 
the erased state Er. 

Therefore, if data stored in a memory cell is in the lower bit 
only, LM flag data “L’, that is, the lower bit “1” is readby read 
potential Ar. This can be used for detection of a read error in 
the embodiment. 

Next, if data has been written into the lower bit and the 
upper bit of the memory cell in the main area, it is necessary 
for the LM flag to be written into both the lower bit and the 
upper bit. 

In this case, the threshold distribution of LM flags is set to 
written state B. 

Thereason therefor is that when 4-level data is read, first Br 
between threshold distribution A and threshold distribution B 
is used as a read potential to read the 4-level data to judge the 
value of the lower bit and it is very preferable if “H” is judged 
as the value of the LM flag. 

Also in threshold distribution C, “H” can be judged as the 
value of the LM flag by using read potential Br, but it is 
preferable for the amount of shift from Er to be small. 

Thus, the threshold distribution of LM flags when data has 
been written into the lower bit and the upper bit of the memory 
cell in the main area is set to written state B. 

Therefore, when data stored in a memory cell is in both the 
lower bit and the upper bit, LM flag data “H”, that is, the lower 
bit “O'” is read by read potential Br. This can be used for 
detection of a read error in the embodiment. 

Thus, the threshold distribution of LM flags becomes Er 
when data has been written into only the lower bit of the 
memory cell in the main area and becomes B when data has 
been written into the lower bit and the upper bit of the memory 
cell in the main area. 
When the threshold distribution of LM flags is shifted from 

Erto B, it is necessary for program data to have “0” both in the 
lower bit and the upper bit and thus, when the upper bit is 
programmed, it is necessary to forcibly change the lower bit 
“1” read from the LM flag to “0”. 

3. Conclusion 

According to the embodiment, it becomes possible to judge 
whether there is any error Such as being unable to read data 
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after a program operation before the program operation ter 
minates by automatically performing a read operation with 
out input of a new command after a program is normally 
executed. 
An external controller holds program data before a pro 

gram operation terminates and if an error thereof is detected, 
the program operation can be performed again after taking 
steps, for example, changing the word line by informing the 
external controller of the status fail. Therefore, a problem 
Such as being unable to read stored data permanently by the 
user in a nonvolatile semiconductor memory will not arise. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

What is claimed is: 
1. A nonvolatile semiconductor memory comprising: 
a memory cell array including a selected memory cell as a 

target of a program operation; 
a row decoder that selects a selected word line connected to 

the selected memory cell; 
a data latch circuit that latches program data stored in the 

selected memory cell; 
a verify circuit that judges completion/non-completion of 

storing of the program data in the selected memory cell; 
and 

a control circuit that outputs status information to an exter 
nal controller before the program operation terminates, 

wherein the control circuit is configured to: 
repeat an application of a write pulse and a verify read 

operation to the selected word line, 
perform a read operation from the selected memory cell 

after the storing of the program data is judged to be 
completed by the verify circuit, and 

output the status information indicating that the program 
operation has passed to the external controller when data 
read by the read operation and the program data match 
and the status information indicating that the program 
operation has failed to the external controller when both 
do not match, 

wherein the data latch circuit continues to latch the pro 
gram data even after the storing of the program data is 
judged to be completed by the verify circuit. 

2. The memory of claim 1, wherein the external controller 
changes the selected memory cell and the selected word line 
and then restarts the program operation, when the external 
controller receives the status information indicating that the 
program operation has failed. 

3. The memory of claim 1, wherein the selected memory 
cell is a memory cell closest to a tip of the selected word line, 
among memory cells connected to the selected word line. 

4. The memory of claim 1, wherein the selected memory 
cell is each of memory cells connected to the selected word 
line. 

5. The memory of claim 1, wherein the control circuit 
judges that there is a read error due to an increase in resistance 
of the selected word line, when the data read by the read 
operation and the program data do not match. 
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10 
6. A nonvolatile semiconductor memory comprising: 
a memory cell array including a selected memory cell as a 

target of a program operation; 
a row decoder that selects a selected word line connected to 

the selected memory cell; 
a data latch circuit that latches program data stored in the 

Selected memory cell; 
a verify circuit that judges completion/non-completion of 

storing of the program data in the selected memory cell; 
and 

a control circuit that outputs status information to an exter 
nal controller before the program operation terminates, 

wherein the control circuit is configured to: 
repeat an application of a write pulse and a verify read 

operation to the selected word line, perform a read 
operation from a failure judged cell connected to the 
selected word line other than the selected memory cell 
after the storing of the program data is judged to be 
completed by the verify circuit, and 

output the status information indicating that the program 
operation has passed to the external controller when data 
read by the read operation and an expected value match 
and the status information indicating that the program 
operation has failed to the external controller when both 
do not match, 

wherein the failure judged cell is connected to a tip portion 
of the selected word line. 

7. The memory of claim 6, wherein the external controller 
changes the selected memory cell and the selected word line 
and then restarts the program operation, when the external 
controller receives the status information indicating that the 
program operation has failed. 

8. The memory of claim 6, wherein the failure judged 
memory cell is a memory cell closest to a tip of the selected 
word line, among memory cells connected to the selected 
word line. 

9. The memory of claim 6, wherein the failure judged cell 
is each of memory cells connected to a tip portion of the 
selected word line. 

10. The memory of claim 6, wherein the control circuit 
judges that there is a read error due to an increase in resistance 
of the selected word line, when the data read by the read 
operation and the program data do not match. 

11. A nonvolatile semiconductor memory comprising: 
a memory cell array including a selected memory cell as a 

target of a program operation; 
a row decoder that selects a selected word line connected to 

the selected memory cell; 
a data latch circuit that latches program data stored in the 

Selected memory cell; 
a verify circuit that judges completion/non-completion of 

storing of the program data in the selected memory cell; 
and 

a control circuit that outputs status information to an exter 
nal controller before the program operation terminates, 

wherein the control circuit is configured to: 
repeat an application of a write pulse and a verify read 

operation to the selected word line, 
perform a read operation from first and second failure 

judged cells connected to the selected word line other 
than the selected memory cell after the storing of the 
program data is judged to be completed by the Verify 
circuit, and 

output the status information indicating that the program 
operation has passed to the external controller when data 
read by the read operation and an expected value match 
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and the status information indicating that the program 
operation has failed to the external controller when both 
do not match, 

wherein the first failure judged cell is connected to a tip 
portion of the selected word line and the second failure 
judged cell is connected to a center portion of the 
selected word line. 

12. The memory of claim 11, wherein the external control 
ler changes the selected memory cell and the selected word 
line and then restarts the program operation, when the exter 
nal controller receives the status information indicating that 
the program operation has failed. 

13. The memory of claim 11, wherein the control circuit 
outputs the status information indicating that the program 
operation has passed to the external controller when data read 
from the first and second failure judged cells and the expected 
value match, and the control circuit outputs the status infor 
mation indicating that the program operation has failed to the 
external controller when data read from the first and second 
failure judged cells and the expected value do not match. 

14. The memory of claim 11, wherein the control circuit 
judges that there is a read error due to an increase in resistance 
of the selected word line between the first and second failure 
judged cells, when data read from the first failure judged cell 
and the expected value do not match and data read from the 
second failure judged cell and the expected value match. 

15. The memory of claim 14, wherein the external control 
ler outputs the status information indicating that the program 
operation has failed regarding memory cells between the first 
and second failure judged cells and the status information 
indicating that the program operation has passed regarding 
memory cells present on a side of the row decoder from the 
second failure judged cell. 

16. A nonvolatile semiconductor memory comprising: 
a memory cell array including a selected memory cell as a 

target of a program operation; 
a row decoder that selects a selected word line connected to 

the selected memory cell; 
a data latch circuit that latches program data stored in the 

Selected memory cell; 
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a verify circuit that judges completion/non-completion of 

storing of the program data in the selected memory cell; 
and 

a control circuit that outputs status information to an exter 
nal controller before the program operation terminates, 

wherein the control circuit is configured to: 
repeat an application of a write pulse and a verify read 

operation to the selected word line, 
perform a read operation from a failure judged cell con 

nected to the selected word line other than the selected 
memory cell after the storing of the program data is 
judged to be completed by the verify circuit, and 

output the status information indicating that the program 
operation has passed to the external controller when data 
read by the read operation and an expected value match 
and the status information indicating that the program 
operation has failed to the external controller when both 
do not match, 

wherein the failure judged cell stores data indicating which 
of n (n is a natural number equal to 2 or greater) bits the 
program data represents when the selected memory cell 
stores n bits. 

17. The memory of claim 16, wherein the external control 
ler changes the selected memory cell and the selected word 
line and then restarts the program operation, when the exter 
nal controller receives the status information indicating that 
the program operation has failed. 

18. The memory of claim 16, wherein the failure judged 
memory cell is a memory cell closest to a tip of the selected 
word line, among memory cells connected to the selected 
word line. 

19. The memory of claim 16, wherein the failure judged 
cell is each of memory cells connected to a tip portion of the 
selected word line. 

20. The memory of claim 16, wherein the control circuit 
judges that there is a read error due to an increase in resistance 
of the selected word line, when the data read by the read 
operation and the program data do not match. 

k k k k k 


